Lithium-ion technology is bringing us closer to solving energy and transport problems, finds Bruno Scrosati.
W hen, in 1801, Alessandro Volta unveiled his 'electric pile' gadget to Napoleon Bonaparte, he could not have imagined that, two centuries later, his invention would be central to human life. His primitive electrical cell of zinc and silver electrodes separated by a brine-soaked felt led to the compact electrochemical power source that dominates modern consumer electronics -the lithium battery.
In Bottled Lightning, science journalist Seth Fletcher explains how lithium batteries work and describes the research steps that have led to their ubiquity. The mobile electronics market is booming, producing billions of units a year and billions of dollars in profits. And new challenges for lithium batteries are opening up in green energy. Fletcher describes the fierce competition to develop the next generation of lithium batteries, but could have given more people their due for the existing technology.
Decreasing oil resources and concerns about climate change necessitate greater use of alternative energy sources, such as solar and wind, and the replacement of polluting internal-combustion cars with hybrid vehicles, plug-in hybrid vehicles and, ultimately, fully electric vehicles. As the sun does not always shine and the wind does not blow on command, the success of these renewable sources depends on efficient storage. Electrochemical batteries, lithium ones in particular, are the best option, converting stored chemical energy into electricity with high efficiency and without toxic emissions.
As yet, lithium batteries do not meet the technical requirements of hybrid or electric vehicles. The challenge is to move beyond the present chemistry to produce batteries that are safer, cheaper and have greater energy density. This will not be easy. But the ecological, economical and political rewards are so great that many countries are directing tremendous amounts of funding towards research and development in battery technology. The result, as Fletcher puts it, is that in the past decade, "advanced-battery start-ups started popping up like mushrooms after a spring rain".
This intense activity has also given rise to a series of patent conflicts and legal battles over priority, which Fletcher aptly calls "lithium wars". He focuses on the many-sided battle for the patent of the lithium-battery cathode material -a lithium-iron phosphate with an olivine crystal structure that is one of the most promising advanced electrode materials. As he says, such clashes are not new: patent disputes and get-rich-quick hype have dogged the battery business since its inception.
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and continues to make progress. As well as lithium-iron phosphate, other innovative materials have been used for the three main battery components of anode, cathode and electrolyte. But there is still no lithium battery light enough to power a small electric car over a reasonable distance on a single charge.
Urgently needed are 'superbatteries' with energy densities at least two or three times higher than at present. The most promising candidates are lithium-sulphur and lithium-air batteries, which in principle should be able to store 5-10 times the energy of today's cells. These are conceptually simple, but their implementation has been stalled by a series of apparently insurmountable hurdles: the high solubility of the (polysulphide) discharge products; the high resistance of the electrode materials in the case of lithium sulphur; the slow kinetics of the oxygen electrode; and the instability of the lithium anode in the case of lithium air.
There have been breakthroughs in the past few years with the development of advanced sulphur electrode nanomorphologies, the clarification of the oxygen reduction process, the use of appropriate catalysts for promoting its evolution, and the stabilization of the lithium electrode by covering it with protective films. The road to applications is still long, but the race for the electric car has started. Many car makers are seeking joint ventures with battery manufacturers to pursue the Japanese frontrunners who, having won their early bet on hybrids, are still the major players in electric vehicles.
With demand for lithium set to grow, some question whether Earth's crust contains enough of the metal to sustain its use in vehicles. Fletcher cleverly analyses the debate and gives vivid descriptions of his trips to Bolivia and Chile to visit the two main salt deposits that, together with a third in Argentina, are the richest sources of lithium carbonate. The reserves could last for centuries, so there will be enough lithium to fill up our tanks even in the improbable case of all cars becoming hybrid or electric.
Bottled Lightning is a gripping introduction to this sophisticated technology and its place in our society. My only criticism is that Fletcher fails to credit the group of US and European scientists, including Don W. Murphy, Michel Armand and myself, who in the early 1980s developed the lithiumion battery concept. The field then fell silent for more than ten years, until the Japanese company Sony optimized the idea for the first commercial lithium-ion battery in the early 1990s. As Fletcher notes, plenty has happened since. ■ Bruno Scrosati is senior professor of electrochemistry at the University of Rome Sapienza, Italy. e-mail: bruno.scrosati@uniroma1.it
